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1
Abstract

=

- The TICCIT system represents a considerable technological

advance over previous CAI systems primarily because of its

unpré¢edented’founda;ion‘in:instructiqn@i”theory. This

System; it summarizes -some recent advances in insttuctioAad ..
“theory for sequencing and syiithesizing related parts .of a
subject matter; and it describes three major implications

of those advances for the design of future fheory-basédf

B Y T e R N N R

CAT™systems. ~Thosé implications concern Ll) the'SeIectfon
of conteﬂt; (2) the uée of strategies fof'éequehtingy
synthesizing, and sumnarizing, and (3) the provision of
knowlédge nécessary for the learner to make ggpd;strategy

décisions. - o
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TICCIT TO THE FUTURE: ADVANCES IN
INSTRUCTIONAL THEORY FOR CAL

The %ICCIT system (Time-shared Interactive Computer-
rontrolled Information Tele&iSioﬁw Jointlywdeve&opedwbyw@he%-wwmw%
~ Mitre Corporation and Brigham Young University) represents
a. considerable technological advance over previous CAI

(Computér-assisted instruction) systems for several reasons,

,the'mosthihﬁé?féﬁt of which is its unprecedented foundation
in instructional theory. However, TICCIT represents what

will soon appear to be only a primitive first step in the : i
development of instructional-thedry-based CAI systems.

First, this paper briefly describes TICCIT's theofy

base. I‘hen it sunmarlzes some recent. advancec 1n 1nstruc-

tional theory regardlng the 'sequencing and svnthe5121ng of

subject matter. And Ilnally, it discusses three major

implications o6f those advances for the design of future

theory-based CAI systems.
TICCIT'S THEORY BASE o

L At the time that TICCIT's software was being designed
at Brigham Young University, M. David Merrill was developing
a theory for ins§tructional stratégies which relate to theA
teaching of a singlé concept, principle, procedure, etc.

(Méfﬁfll‘&”Bﬁﬁtwe1}¢k1973§ Merrill, Richards, ‘Schmidt, §

e Reoid
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Wood,. 1977; Merrill™§ Wood, 1974, 1975a, 1975b). Such
- Strategies have come to be calledTpfesénﬁétion strategies, E
and they include such strategy Components as genérality,
examples, -practice items, and "helps'. (Helps make it
~ easier Lo understand each of the Other stratégy components -
by relating the generality to an cxample, point by point,
"ot by Yelating an example or the solution to a practice
item to.the generality, ﬁnint;hv poiiit j Each_g£_these 5
strategy components could in turn be bf@ken -down- into its. Lwé
components. For instance; éxaiiples (1) should be»diverggnty é
-on variable attributes; :(2), shouad“hgve“ﬁonexampiés that g
are matclied on variable dttﬁibutesitd the examples”.f3i :
should have attribute isclatidﬁ, and (4) should use a %
variety of represéntation. forms, = . . %
The résul% of these simultanéous activities was the §
design and development(of the first important théof&éba§edr é
CAI system. The instructional displays. were divided into :
different typés based on Merrill's théory--ggneralities, ’%
examﬁlés Qf'éach,genefﬁlity, practice on the use of -each B ;
generality, helps on each of those threé types of diSplay?Q, %
and three categories of difficulty on the exémples and prac- 5
tice. TheHSYSgem'was degigned‘witb a special kéyboa;d ihatr %
enébles.the,legrner‘té seléct any .one of the gypes of %
‘dispfay§ (i.e.; strétegy componeiits) whénever s/he wants: é

Tegemy
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In this way, the learner is ,given control over the timiné

and quantity of each presentation strategy component. This

not only -gives the learner access to the kind of instruc-

tional display that s/he needs at any moment, but it also

teaches the learner good learning strategies that s/he can
" use to great advantage off line. For a more in-depth ’
13 . “descripfion of TICCIT and its theory base, see Merrill,

Fletcher, and Schnéider (in press).. - -

§ ’ ADVANCES IN INSTRUCTIONAL THEORY

Through joint funding from Brigham Young University
and fhé Navy Personnel Research and Developmént Center,
Reigeluth and Merrill have been working fo; the past year
on further developing their theory on strategies for
structuring (i.e., for selecting, sequencing, summarizing,
an&“;;gzhééizing) related parts of a subject matter for

instruction. It is beyond the scope of this paper to

provide more than a brief summary of this elaboration

theory of instruction. For a more in-depth description,

P the reader is referred to the recent progress report on the
project (Reigeluth, Merrill, et al., Note 1).

.As a part of their elabo;ation theory, Reigeluth and .
Merrill have developed a model for sequencing and synthe-
sizing the relatéd parts of a subject matter. First, the
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‘egitome at the end of the instruction.

S e

TICCIT to the Future

5

ottt Ay e v kR i €A e~ M oA i o ke

instruction should begin with an epitome, which provides a
general overview of the major parts of the subject mattet

and of the major relationships among those parts. Second,

the instruction provides an elaboration on each of those

parts, which adds detail or compléxity to the general under-

standing of each. Third, at“the“en&‘foéaéh'elabofafTOh;“ A

the instruction provides a synthesizeﬁi,which shows the
important reiafiénshipsAamongithe sub-parts comprising the
elaboration and which shows the context of the elaborated
part within the epitome. Fourth, after all the elaborations

have been presented and synth:sized, thé instruction.

provides an expanded epitome, which shows the important

relationships among the parts of the differegt parts of

the epitome (i.e., befween a part of one part aﬁd a part of
a different part). Fifth, the instruction provides second-
level elaberations--which elaborate on elaborations rather

~

than on the epitome--if such is necéssary to.bring the

student to the depth of understanding specified by the
objectives of the instruction. And sixth, the instruction

provides a) a synthesizer after each second-level elabora-

tion, b) an expanded -epitome after all the second-level

elaborations on ‘a single elaboration, :and c) a terminal

-

The nature of the epitomes and synthesizers is dictated

by‘the type of orientation structure which i's. selected on
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on the basis of "the goals of the course. There are three

types of orientation structures: conceptual, theoretical,

- - and procedural. .

Conceptual orientation structures show superordinate/ R

ey A e s

coordinate/subordinate relations among concepts. There

LSl - - .- e _

|
I
i
“o
[

. I

parts

i taxonomies, which show the concepts that are components of

other concepts; kinds taxonomies, which show the -concepts

-

L that are varieties of other concepts; and matrices, which
§
are the crossing of two taxonomies.

Theoretical orientation structures show cause-and- ) N

o
e

g effect relations among concepts. There are two important
types of such structures (often referred to as models):

those which describe natural phenomena, which are invariant;

and those which describe ways to achieve some end, which

; are goal-oriented and therefore vary as goals vary.

Procedural orientation. structures show procedural ;
" TSN ) .

relations among event céncépts. There are also two impor-. . .

Loyt e sy

.tant types of such—structures: - those which show procedural-

ot - °

prerequisite relations, which $pg;ify the order(s) for

ey

«

performing the steps of a single procedure; and those which

L i . % — ;
L. show procedural-decision relations, which describe the .

. ] factors négéssary for deciding which~a1t¢fnative procedure

i
n
i
H
A

or subsprocedure t6 use i a given Situation.
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Supporting structures are similar to orientation

structures except that. they are much smaller in scope and '«~w4
- v \
are nested within a single part of an orientation structure.
Supﬁbrting structures may be conceptual, theoretical,
ks

procedural, or learning structures. Learning structures

show ‘the learnifig prérequisits for concepts and principles
list may be used as a supporting structure when there is a
linear relation among concepts. o

- IMPLICATIONS FOR CAI

*

'y

14 ‘ B
One of the greatest deficiences that have been

encountered on both the TICCIT system and the PLATO system,

as well as in other types of modular instruction, is the. - %

problem of,"splintering"xor lack of synthesis and integra- ‘

tion of the modules or segments of instruction. The recent

advances in instructional theory outlined above hold much

promise for solving this problem.

A radically different function for subject-mattet

structure is. described above. Instructional designers for

CAI,. like those for other media of instruction, have

traditionally thought of subject-matter structure as a

framework for guiding the design of instructional sequences,

e

But. the above-described theory views it as that plus a lot

9
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more. Structure should itself be taught. It should be a
part of the instruction in order to teach the important
interrelationships within a subject matter, Including such
interrelationships in the dinstruction should soive the
problem of splintering and should help increase the
student'é.long-termrfétenfioﬁ;Wtfénsfér, and motivation.
Accord&ngly, future’ CAI systems éhould teach structure
along with the modules in a manner similar to that described
above: begin with a general epitome, continue with alter-
nating.elaborationsAggd.sxnthesizers, and end with a complex

epitome. But the implications of this instructional model i

g0 beyondAgggsiderafi6h54for the design of the instruction

it

e

kﬂm“w*w“‘*wfsﬁleﬂigvtheyﬁcaii for—a-different design of the CAI system

itself.

‘The remainder of this paper discusses three important
implications for the design of future theory-based CAI
systems; (1) the CAI system‘should provide a lérée degree
‘of learner control over the selection of content;;(ZJ it
should provide learnér control over components of the other
kindéuéf structural strategies (i.e., sequenéing, summariz:
ing, and synthesizing strategies); and (3) it should provide
the léarner with the kinds of knowledge and information
necessary for him/her to:makeggoqd'déciéions.
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Learner Control Over Selection of Content

T T

As CAI systems start entering homes as well as schools,
lcarners are .going to demand increasing capabilities of -CAI
to provide learner control over the selection of content

without cumbersome and demotivating "bottom up" sequences.

being forced on them. It will also become increasingly

important that the instruction be designed iq ways that are
more motivational and enjoyable for the learner. The above-
mentioned advances in instructional theory for synthesizing
and sequencing hold much promise for meeting these needs.
Some aspects of the elaboration theory of instruction
facilitate learner control cver content, while others impede
it. A good analogy {for showing the implications of ‘the
elaboration theory of instruction for learner control over —
the selection of c%ntent) is the use of a zoom lens to take
a look at a painting. A person usually starts with anwide;
angle view, which shows the major parts of the painting and
the major relationships among those parts (e.g., the compo-
sition or balance of the picture). The person can then
zoom in on whichever part of the pictdre that interests
him/her. Zooming in one "level" allows the person to see
the majorﬁéuﬂg;;Z; o% that part and the major relationships

-among those subparts. This again provides a basis for the

viewer to select whichever subpart most interests him/heft

-
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for zooming in for more detaii. If s/he rcaches a point
where s/he is no longer inferested in more detail on a
part, the person could zoom back out to a point where s/he
is interested in more detail on one of the parts.

In a simiiar way, the elaboration model starts on a
very broad, general level and gradually divides it into
parts and the parts into parts. Thits approachAprqvidegwgber
learner with sufficient knowledge to be a basis for
selecting content; and the general-to-detailed.organization
allows the learner to learn what s/he wants to learn without
having to go through z series of learning prerequisites that
are on too low a level of detail to interest him/her much
at this point anyway. As. ' becomes interested in more
detail, s/he will want to learn those dEtai%ed prerequisites
because s/he wilfysee and understand their importance for
learning the detail that interests him/her.

But how snduld this influence the design of future
CAI systems? FEirst, it requires software and a keyboard
that will allow -the léarner to select any part of a leSson
for further elaboration. ~Something like the TICCIT map

structure should work fairly well if instruction was pro-

(but the nature of the contents of thée maps would often be
very different--each lower level would be parts. of the -

12
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T 7 . boxes on the next higher level). Second, it will require
?; ' fsoftware that will provide expanded epitomes that are R

N ¢
3 ¥
M H

H

: “ , _ léxpandedﬂonly on the parts that the learner has selected 3

S

AN :

for elaboration.

woreey

But both of these characteristics are more complex

‘than they may at first—seem7> When a person looks at one
5?' - part of“g‘picturegiﬁ“detail (through the zoom lens), this — — - -z

is llkely to influence what s/he "sees" in the subséquent

»

puo i ~ ~- .- - Tr ekt e me v e e ras o ebease s e et S e e o e e e e e o e

parts of the picture. Such elaboratlve dependence is an

extrenely important factor for instruction; in order for

instruction on a part to be most effective, the related

P - e e e 5 e - S Pt

X - parts that a learner has already studled should usually

;o be takén into account in the design of that part. This

ﬁv. somewhat impedes the design and implementation of instrucs
Vtion for learner control over the selection of content--butA
not insurmountably. This is where the special capabilities
of CAI come in. CAI can keep track of what the student has
studied and can modify each subsequent elaboration, and

even the synthesizers, accordingly.

;’ v ' You have probably noticed that learner control over the
;;, selection of content implies a certain amount of learner
control over the segUehciﬂg of content. Since these two

‘e types of structural strategies are sé interrelated, it would

(2

be helpful now to discuss the implications of the advances

‘3 ] -
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;quwmu M—,m«wmHanmanatructlonai“tﬂéaryw¥6t sequcnc1ng, Eﬁnﬁa}121ng, and’ ““"”*"“é
; synthe5121ng strategles. - :
?? Learner Control Over Other Klnds of StfddtdfaI’Stfatégles
; To- contlnue the zoom lens analogy, the v1ewer could be E
%} -given control oveTr the‘ordér in wh;¢h~s/he‘looks at parts ;
i{ :0f the~niéture, régardless“bfawhethéf or not s%nerhad eoné ’ :
éfﬂ 77 trel over ent1re1y skipping certain parts. The viewetr could
;l;a, ) ' zoom. in first on ‘those parts of the plcture that intérest
éwtw“ »hlmknérfnégf,;mfné”vlé§éiunZ§VEABBEQ’£EMESdﬁ"iE’Ge¥y‘1lfiié‘“”"f“““
7 before 200ming'back—out'to,the'widefangle‘view~to-see the .,%
;;»~ _ . context of the slightly more detailed part of*the picture. =
;_’ ,QTh;s :2:3 “egqulvale\nt to 1ea1:nz;' Eoil:l't;';)l%o;g;flf’ea;l;r{c}OE S
? :7synthesis~as well as ovér type é%:Séqgentéij:‘Q?”tﬁé*ﬁféﬁéfj a
g‘* mayﬂgontinue to*zbom-in~f@r-even»gteate;_dEIailton that same _ - "
; part of the.picture, And, if th?ﬁfi@wet,cﬁopseS‘tb,zme- - ) ‘Aé
B back out right away, s/he could continue to take short e
g» ) zoom=ins on .all the.partS"ofﬂtheuwhble picture before taking\ :
3 longer zoom-inS on any 51ng1e part. S t_g%
é One can reéadily seevthaththe p0551b111t1es for the - ‘v‘ iz
é " v1ewer, as. for thezlearner, are- almost 1nf1n1te as to | §
é diffé?@nt-patterns~that—;ould'be fqlipwed; Unfortunately, é
» up: to now the zoom‘haS*haraly béenuﬁséa-at;aii in- instruc- d E
tlon, Most sequences beg;n with the léns zoomed: a11 the E
, way in. at one: corner of +he p1cture and proceed--u1th the lensAf?g
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;}W“vffww“ “"”'“ibtked oﬁ“?ﬁai“iéQél‘of detarlvvto systematically cover the ”““““2

? entire scene. This has had~unfortunate,consequéncesAbbth é

i . : . 2 - - - :

%1 < - -for integratiqnpéng-$6ixmetivatibp; - - o ﬁ?;

;: 7 ﬁgaih:tﬁe.ﬁiESti@nvatises asztoihQW'tHese.notions of | L

sequencing, sumiarizing, and synthesizing should influence

. 7 the design of future CAI systems:. Eigiﬁi exﬁerienéé on f

%E~ 7 the TICCIT system: shows that learner -control .over strategy %
% 7 components is. beneficial=<for affect and motlvatlon, as. well

T TRifor effectivenses and efficiency. Therefore, 3 spesiAl

i; keyboard similar to thewone for learner‘eontrol over %

- H ;

o N - presentation stfategles,'should bé created to give the 'é

:T*" - learner control over some. strategy components for these é

B ;m; 7 three type;"ef strategles. For 1nstaﬁce, thlS keyboard s

- could allow him/her .to refer back to the epitome at any :$—~~§

time, it could ailow—hipﬂher to see»aleﬁmmatizeﬁrat any : 2

time (i.e., a conciee statement of all %he generalities s/he ;

- has studied in that elaboration up to that time), and it %

could allow him/her to select any part of thf epitome-—g; éfl i

an. elaboration--for further elaboration., Second, to handlé& E

variations in seqaencing, software must be created to solve E

. the problem of elaborative dependence. The computer should %

vary many eiaBerationS somewhat depending on what elabora- f

‘tions.the student has and has not alreaay studied. é
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F ) However, even with thls ablllty to overcome_the” problem““"““*?
3?7 of élaborative -déependence, thére aré certain facets of ;
;E. sequenc1n§‘cenzegfiihat -should not be open to learner .con- é
?é trol. If the purposé of the instruction 1s _the e§£}c1ent 7 ; :
§i~ performance-of a Eroéedure, thene is a certain sequence  ° §
? that will optimize learning (see Reigeluth, Merrill, et al., E
: Note 1). And to a lesser.extent} if thenpurpdse-of the §
E B instruction is the attainment of a,ceftain dépth and breadth - }fé
ifmt T of understandlng of related‘B{Enggéies;rthere is alse a ¢
?’ i specific sequence that will optimize learning (see Re}gelUthg .
%“ ' Merrill, et al., Note 1). But if the purpose of the \Kn - ;
; instfuc;ion is an understanding of the basic concepts i; a 5
fo field, then the sequence is not nearly as important as long = g
;_, ‘ as it follows :some kind of a top-down pattern. (1”e,,_genr E
] - eral to-detailed sequence). Elaborative dependence is also
z minimal for such a conceptual approach. In other words, 7 é
%j ~ if a procedural or a theoretical Qrientatiﬁn‘étrﬁpﬁuré is T
§ used, then 1earner1control over both eonten%"énd~strategy -§
3’ components will often be inadvisable; whereae if a concep- ¥
: tQal orientation structure is u$e&, then learner control ;
f: " over both content and strategy « 'mponents should have no- %
;ff_ - detrimental effects. %
? The—concepgpal-orientatﬁOnAstructure is basically a | "f
: ; ‘ ;
;; "geneial education' approach to- a subject matter and is.- - - :
e T 16 - ;
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Ol the éppfﬁiéh‘fof‘which learner control over content would be - -

S most important. ‘Procedural and theoretical strictures. ceuld 3
4 - also bé nested withis thé conceptual orientation structure; "

-

4 " such that .the léarnér could decide whethér and when to study

R g 36 AT L G W ke TE AT T T W e m e

each such nested type of contentj but once s/he decided to g

study one -of thesewnésteavébmpqnent$?‘hiS/hér selection and

gi ‘sequence of contént~within,thathompoﬁ?nt~W0u1dxhe fixed, ;
¥ although it would still follow the elaboration modél pattern. |
T T " flowever, even in cases for which.there is &n optimal -

. -4

sequence for all 1earnei§»to‘fdlldw’{%.e., for procedural

= . and theoretical structures) there may bé -many circumstances- o

y in which the benefits from learner control over content would ;

SN ‘outweigh the costs of a non=optimal sequence, particularly

S ) if the learner were given information about optimal sequences.- K :

: so that s/he would not vary too far from the optimal. This

Ei - - leads us to the third implication stelaboratidn theory for N —
a CAI: the CAI system should provide the learner with the :
% kinds of knowledge and information necessary for him/her to

%" make good learner-control decisions.

éﬁ TKnpwledge for Effgctiye LearnergContnoI o %
; For accommodating individual differences, we have just ;
é gdvocated_givipg—the learner cdnt?di dyer;thevSelectionrof

% differenf sﬁfgtegy cbmpqneﬁts rather than having different

*

S ttracks'" for différent types of students. We advocate this

*
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‘even” 1f research 'shows that -a certain -strategy is always best
for a certain type of student for the following reasons:

(1) if the student characteristic cannot be changed--such as
geft_ain kinds of aptitude--it is importaiit for the student to
learn which strategies are bést for him/her and (2) if the

e

student characteristic can be changed--such as a poor learn-

ing Strategy--it is much more important to improve it than to
i i

provide .an instructional strategy (or method) that minimizes
that shortcoming. CAI Systems, liké all instructional
systems, should have built-in programs for improving such

student characteristics.

B TR e e - R e L P D e I E e )

r b gt S

" “We mentioned above that experience on the TICCIT
systém shows that learner control over presentation Strategy
components is beneficial--for affect and motivation, as well
as for effectlveness and efficiency.® But in order to be
maximally benef1c1al the léearner must know (1) the nature of

the contents of each strategy optlon and (2) the nature of
the effects on learning bf";aCH.of those optiorns (e.g., a
hélp, some more practiée: a harder example). Without such
knowledge, learner control may actually be detrimental. With
;ﬁch,knowledge, the student makes far better decisions than
any ''program" ever could about whether s/he, upon doing a
practice problé::2§guld rework the practlce p*oblem look at

the practice help, look at an example, or just go on to

another practice item.

. .
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T ~We anticipate that“the“same”wiTT”be~just“aS”true’foi: ‘ I
learner control over structural strategies; that the learner
ﬁusf know (1) théfhature—of the contents of gach'strategy
option and (2) the nature of the :effects on 1eérning of each
of those options: (This notion is ngi unique to learner :

control. Students would also learn better from textbooks if

.

they were given instruction in optimal learning strategies

1
P T T PV T
- R ' Pher s s
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H

Lo 4
But how can this be applied to CAI? The Knowlédge T

for learning from p@xt§?

‘that the learner needs for effective learner control has two

compbnents,which should be provided in two different ways.

5

et s e

First, the nature of the contents of cach strategy option

I WPV U S ———

could be taught in an introductory module on the CAI systeém.
This is a concept-classification task that should be taught
with generalities, examples, practice, summarizers, etc.

Second, the learner needs to learn when to use each of those

strategy options--i.e., What each contributes to learning

and what kinds of 1earni%g problems each can solve. This can
be implemented in two ways: (1) teach some rules for the
use and effects of each option in a second introductory
module (complete with generalities, examples, practice,
summarizers, etc., and (2) provide an “advisor" program to
give advice to the learner,

The advisor could provide advice under two conditions:

(1) whenever the student requests it with a special learner

< ma p cenn a4 din bbbt e Mt e a e e o A e RV TR A At S .o Ca s & oo MR e Do S Xt et e gt STl
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‘4,contno% button. -(as..on the TICCIT system) -and

‘“ﬁ“optionsuwiTT*vaTy~fromwonejiearner“tO*anothert*iCAﬂ“hns*a

—————

A
(2). whenever
both a) the student's strategy is found to be ineffective
and b) the student is varying from the rules for effective

use of the strategy options. The advisor program must keep

-

track of the pattern of use of strategy options and compare

it againét an "ideal" created frqm;the‘ruleé. Deviations
from the ideal should be gé;lyzed as to which'rule(s)fEECare)
violatéd and make corresponding recommendations. Some parts
“of ‘error analyses on a-student's practice items and tests
could also be used zs a basis for advice to learners.-

But perhaps the "ideal" pattern of use of strategy

S S

unique capability for accommodating this probability. The
error analyses on a student's practice items and tests could
fﬂe used as a bas}s for changing the "ideal" pattefﬁ for
different learners and for different conditions for each
learner. Also, some student "app}tudes" (see Cronbach §
Snow, 1977) may provide a reliable basis for modifying the
advice for eaéhrlearner; but care must be takén to periodi-
cally monitor changes in those.aptitudes and’tO‘updaté/their

inputs to the advisor for each studént.

e v i S | e~
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The fu*ure of CAI lies in instructional theory-based

- ' systems because of their greater effectivenes: and effi-

o

ciency. The major problem in the development of such

A heay -

— ~5?stems'h5§‘5¢eniphat instructional theory was insufficient- "

?i - "jjly developéd for théﬁfy-based Systems to make mggﬁ“
i ' difference. But récent advances have changed 'this sit@a; B i
5fr"_ '»A - ;ign,anq;gqnpinuedjyrggress in the devélopment of
— - instructional theory holds -even more promise for -the:  ----- ~=~ —
future.

First, we briefly described the theory base of the

TICCIT system, which is the first important theory-based
P CAI system. Its theory base is in the area of presentation
o ~ strategies, and it was implemented with a special keyboard

providing learner control over the timing and quantity of :

certain presentation strategy componénts: primarily .

- generalities, examples, practice, and helps.

Then we summarized some recent advances in
instructional theory for sequ;hcing and synthesizing
related parts of a subject matter. The elaboration theory
of instructi n includes the use of such strategy compoﬁents

as an -epitome, elaborations on that epitome, synthesizers ‘

on those elaborations; -an -expanded epitome, second-level & 3

‘

N elaborations, synthesizers for those seconc-level . o

21
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T elaborations, and a terminal cpitome, The ‘nature of the
% synthesizers and epitomes dgpends~upon the type of ‘,‘g
§; - - -~ structure being taught: conceptual, theoretical, or ?
é procedural. These strateégy components c¢4n be used in 9%
g ways similar to,thefuseuéfvai;onilenswﬁor viewing .a- S 1a£
picture, f
. Finally, wé:desqribed'thfée~major implications of §
:g ’ those advances in: instructional theory for' the design of S
i: . future theory-based CAI sys%ém;t“w;;f;t théAEX;w;;égg;Wﬂ% o —;
% should provide a large degree of learner control over the )
‘ selection of cbntent.A Second;, the systém should provide 5
;‘ww- learner control over components of s;;:;5c1ng strategles, |
?’* summarizing strategles and~synth85121né strategies. And-
éqi } third, it should provide the learner with the kinds‘of - é
é n1owledge ;nd information necessary for him/her to make o
g{ - good. decisions. This knowledgé and infbymationfcou1d be , §
; provided (1) in introductory modules wh;ch-teachvthe ;
é, 1earner:%he nature of the contents ?f ??Fh strgtggy optlon o
2; andﬂrules about the.eff@ctS»and use.of=eagh o§ those %
54 - options, and'QZ)"in~an'édvispr-piggigm wﬁiéhaéiVes—both '
? 'sblicitéd”and‘unsoricited“advice‘t;ftﬁé ieafﬁér.‘ ) Ty
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